with that of 380 non-diabetic controls and evaluated the impact of recurrence of IgAN on the graft outcome. Results. At 15 years, the patient survival was 88.3% in IgAN patients and 82.6% in controls (P = 0.12), while the death-censored graft survival was 62.6 and 72.4%, respectively (P = 0.038). IgAN had a higher cumulative incidence of graft failures in comparison with controls even considering death as a competing risk (P = 0.025). At multivariate analysis, IgAN [relative risk (RR) = 1.468, P = 0.026], delayed graft function recovery (RR = 2.394, P = 0.000) and acute rejection (RR = 2.51, P = 0.000) were predictive of graft loss. IgAN recurred in 42 grafts (22.1%), of them, 12 were lost for recurrence and in another 6 recurrence was considered a concomitant cause of graft loss. The 15-year death censored graft survival was 68.3% in non-recurrent and 51.2% in recurrent patients (P = 0.069). Pure graft survival of non-recurrent IgAN patients was similar to that of controls (P = 0.406). At Cox analysis, the recurrence of IgAN significantly reduced from 1981 to 2010 (P = 0.0065, RR = 0.936). Conclusions. IgAN emerged as an independent predictor of worse graft outcome in the long-term. Recurrence of IgAN seems to progressively reduce in transplants performed from 1981 to 2010.
I N T R O D U C T I O N
IgA nephropathy (IgAN) is the most common primary glomerulonephritis worldwide [1] , and causes end-stage renal disease in 20-40% of patients at around 20 years after its diagnosis [2] . Kidney transplant is the treatment of choice for patients with end-stage renal disease secondary to glomerulonephritis. The available comparisons between the graft survival of IgAN patients and that of a control group underline that during the first 5 years after transplantation, allograft survival for primary IgAN patients is better than that of patients with other primary diseases [3] [4] [5] , at 10 years, graft survival of IgAN patients becomes comparable with that of other diseases [3, 6] or is even worse after 12 years [7] . Few data are available on the outcome of IgAN-transplanted patients after 10 years [7, 8] . Ponticelli and Glassock [9] suggest that with the prolongation of the follow-up, the recurrence of IgAN may become a substantial risk factor for graft failure. As a matter of fact, the possibility of recurrence of the original glomerulonephritis in the allograft is a well-established complication [10] . Recurrence is a time-dependent event, whose prevalence increases as the duration of follow-up grows, and it is reported to be the third cause of graft loss 10 years after kidney transplantation [11] . In IgAN patients, routine graft biopsies [12] demonstrated a histological recurrence in 53% of cases although some patients had no clinical manifestations. The recurrence rate of patients receiving graft biopsies for clinical indication only ranged from 13 to 50% [3, 4, 6, 7, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . This wide range in the rate of recurrence can be attributed to the different policy of graft biopsy of the different centres and to the differing durations of follow-ups of the published studies. Graft loss from recurrence was reported to be between 1.3 and 16% [3, 4, 6, 7, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . The aims of this single-centre retrospective analysis were (i) to compare the long-term patient and renal allograft survival of IgAN patients with those of a well-matched control group and (ii) to evaluate the rate, outcome and predictors of recurrence in renal transplant recipients with IgAN.
S U B J E C T S A N D M E T H O D S

Patients
One hundred and ninety patients with end-stage renal disease due to biopsy-proven primary IgAN received a renal transplantation in our unit between 1981 and 2010. Thirteen of these patients lost the graft and received, in the same period, a second renal transplant. In six of these patients, the first graft was lost for recurrence 33-224 months after transplant. Recurrence developed in only one of the second grafts and this graft was lost for recurrence again 152 months after transplant. Some of these patients are included in a previously published paper [6] .
Thirty-six first transplantations were from living-related donors (18.9%) and 154 were from deceased donors.
Patients receiving a renal transplant in the same period (+/−3 months before or after), matched for age (+/−5 years), gender and source of the donor were chosen as controls. Of 380 controls, 76 patients were carriers of autosomal dominant polycystic kidney disease, 72 had hypertensive nephrosclerosis, 61 chronic pyelonephritis, 59 urological malformations/pathologies, 24 Alport syndrome, 43 interstitial nephritis, 6 nephronophthisis, 31 systemic diseases and 8 other causes. None of the controls had diabetes as original disease.
Definitions
Biopsy policy. Whenever an acute episode of renal dysfunction of doubtful origin, persistent proteinuria >0.5 g/ day or persistent microscopic haematuria of non-urological origin developed, the patient was subjected to graft biopsy. In addition, all patients with progressive renal dysfunction received one more more graft biopsy.
Evaluation of renal biopsies. All biopsies were evaluated by light microscopy and by immunofluorescence. Electron microscopy was performed in about one-third of cases.
Diagnosis of recurrence of IgA. Diagnosis of recurrence of IgA was performed by immunofluorescence positive staining for IgA in the mesangial area. Recurrent biopsies were evaluated according to the Oxford classification [25] .
Definition of graft loss causes. Graft loss was attributed to recurrent IgAN when renal histology showed diffuse mesangial proliferation and/or segmental necrosis of the tuft associated with extracapillary proliferation and glomerular sclerosis. These lesions were usually associated with progressive worsening of proteinuria and severe haematuria. When interstitial inflammation and transplant arteriopathy were observed, the failure of the graft was attributed to chronic active T-cell-mediated rejection. The presence of peritubular capillary deposition of C4d associated with the positivity of anti-HLA antibodies in the serum of patients suggested the diagnosis of chronic active antibody-mediated rejection. In some cases, the failing graft showed only interstitial fibrosis and tubular atrophy.
When the previously described glomerular and vascular lesions were coexisting, the graft loss was attributed to a mixture of IgAN and rejection.
Delayed graft function recovery. Delayed graft function recovery was defined by a slow decrease in serum creatinine, either requiring dialysis or not and persisting for at least 2 weeks.
Acute rejection. Acute rejection was diagnosed on the basis of a double-checked increase of ≥30% of plasma creatinine over the baseline, not explained by other causes.
The severity of rejection and the classification of chronic lesions were scored retrospectively according to the recently revised Banff classification [26] .
Immunosuppression
The immunosuppressive therapy of IgAN patients and of controls is reported in Table 1 . Acute T-cell-mediated rejections were treated with intravenous methylprednisolone pulse therapy, and antibodies-mediated rejections with anti-thymocyte globulins.
Statistical analysis
The statistical package S-Plus was used to analyse sample data. Since most of the variables showed non-normal distribution, the median and interquartile ranges were used for descriptive analysis. As well, the non-parametric Wilcoxon test was used to evaluate the differences between the two groups of patients. Cross-tabulated data were analysed by the Chi-square test or by the Fisher test when the expected cell count was less than five. Patient survival, graft survival and recurrence-free survival curves were drawn using the Kaplan-Meier estimate and compared using the log-rank test. Univariate Cox proportional hazards models were used to investigate the significance of each prognostic factor for graft loss and for recurrence. All factors reported in Table 1 were tested as predictors of graft loss, and those reported in Table 2 were tested as predictors of recurrence. In addition, the year of transplant was tested as predictor or recurrence. Statistically significant factors were then tested in multivariate analysis. Only acute rejections occurring within the first post-transplant year were considered for analysis as non-time-dependent variables. Relative risk (RR) for each covariate was derived from the Cox model as the antilogarithm of its estimated coefficient, and 95% confidence interval (CI) was computed as the antilogarithm of coefficient ± 1.96 × standard error of the coefficient. Competing risk analyses were performed with NCSS software considering the cumulative incidence of graft failure and death. The significance of differences between cumulative incidence curves was estimated by the Gray test [27] .
R E S U LT S
The median values with interquartile ranges of demographic and clinical characteristics of IgAN patients and of controls are reported in Table 1 . The only significant differences between the two groups were a significantly longer duration of dialysis in controls (P = 0.014) and a higher number of hypertensive patients in the IgAN group (P = 0.0017).
Patient and graft survival
The median post-transplant follow-up was 113.1months (60.5-165.1) for IgAN patients and 115 months (59.2-174.2) for controls (P = ns).
The actuarial 15-year patient survival rates were 88.3% in IgAN patients and 82.6% in controls (P = 0.12) ( Figure 1A ). Fourteen patients in the IgAN group died (7.36%) after a median follow-up of 73.2 months (32.6-111.8). In the control group, 50 patients died (13.2%) after a median follow-up of 109.2 months (48.9-172).
Fifty-eight out of 190 grafts (30.5%) in IgAN patients were lost at 98.4 months (44.6-132.9) after transplantation. In the control group, 87 graft failures (22.8%) occurred at 115.3 months (64.4-171.3) after transplantation.
The actuarial death-censored graft survival rates at 15 years were 62.6% in IgAN patients and 72.4% in the control group (P = 0.038) ( Figure 1B ). The cumulative incidence of graft failure of IgAN patients confirmed to be higher (86%) than that of controls (39%) even considering death as a competing risk (P = 0.025).
The variables reported in Table 1 were tested as predictors of graft loss for the whole population in the study. At univariate analysis, delayed graft function recovery (P = 0.000, RR = 2.57, CI 1.81-3.67), the occurrence of acute rejection within the first year after transplant (P = 0.000, RR = 2.72, CI 1.95-3.78), less than three immunosuppressive drugs (P = 0.013, RR = 0.665, CI 0.47-0.91) and IgAN in the original kidneys (P = 0.039, RR = 1.42, CI 1.01-1.98) were predictors of graft loss. At multivariate analysis, IgAN (P = 0.026, RR = 1.468, CI 1.0459-2.0607), delayed graft function recovery (P = 0.000, RR = 2.394, CI 1.6725-3.4269) and acute rejection (P = 0.000, RR = 2.51, CI 1.79-3.5) were independent predictors of graft loss.
In IgAN patients transplanted from deceased donors, patient and death-censored graft survivals at 10 years were 93 and 73.8%, respectively, similar to the 89 and 85.2% observed in those transplanted from living-related donors. (P = ns, both for patient and graft survival).
Outcome of transplant patients with IgAN in their native kidneys During a median follow-up of 113.1 months, 113 patients with IgAN (59.5%) were subjected to graft biopsy (46 patients received two or more renal biopsies). Recurrence of IgAN was documented in 42 patients accounting for 22.1% of the total number of IgAN-transplanted patients and for 37.2% of patients subjected to graft biopsy. Recurrence developed in 11 out of the 36 grafts (30%) from living-related donors and in 31 out of 154 grafts from deceased donors (20.12% P = ns). The Grafts lost for chronic active T-cell-mediated rejection, N (%) clinical presentation of recurrences developed in median 44.8 (21.6-78.9) months after transplantation with isolated microscopic haematuria in 5, isolated proteinuria in 8, microscopic haematuria and proteinuria in 12, increase in plasma creatinine in 17: isolated in 4, associated with haematuria or haematuria and proteinuria in the other cases. Proteinuria and haematuria developed during the subsequent follow-up in the four patients with isolated increase in serum creatinine at renal biopsy, instead in seven patients all the urinary abnormalities regressed during a median follow-up of 203 months. A renal biopsy was performed 4.9 months (range 1.64-22.2 months) after the clinical presentation of the recurrence. The Oxford classification [25] of the histological lesions of recurrent grafts is reported in Table 3 .
The outcome of IgAGN patients is reported in the Gantt chart (Figure 2) .
Twenty-two out of 42 recurrent grafts (52.4%) were lost within 176.8 months (86.1-166.5). Twelve graft losses were attributed to recurrence (54.5%), and in another six grafts, recurrence was considered a concomitant cause of graft loss. Altogether, 52.4% of recurrent grafts were lost at 176.8 months (86.1-166.5) after transplant in comparison to 24.3% of nonrecurrent grafts lost at 62 months (19.7-110.3) after transplant.
The death censored graft survival at 15 years was 51.2 in recurrent patients versus 68.3 in non-recurrent patients (P = 0.069) ( Figure 3A) . Graft survival in non-recurrent patients was not significantly different from that of controls (P = 0.406) ( Figure 3B) .
Crescents in at least 30% of glomeruli were documented in 9 out of the 43 biopsies of recurrent grafts (including the recurrence in one of the second transplants): of them 8 lost the graft (88.8%) versus 13 graft losses out of 34 recurrences without crescents at renal biopsy (38.2%, P = 0.02). Figure 4 , the log-rank test shows a significant difference between the three curves (P = 0.018) ( Table 2) .
Predictors of recurrence
At univariate analysis, in addition to the year of transplant, younger age (P = 0.0054), treatment without mycophenolate (P = 0.016) and less than three immunosuppressive drugs (P = 0.006) were predictive of recurrence. We found significant correlations of the above-mentioned variables among them. In detail, the year of transplant showed a direct correlation with the age of patients at transplant (Pearson correlation coefficient = 0.39, P < 0.000), with mycophenolate (Spearman rho = 0.72, P < 0.0001) and with triple immunosuppressive therapy (Spearman rho = 0.56, P < 0.0001). Due to these significant correlations, the only independent variables at multivariate analysis were age at transplant (P = 0.038, RR = 0.971 for each year CI 0.9451-0.9984) and triple immunosuppressive therapy (P = 0.055, RR = 0.529 for each year, CI 0.42346-1.54998).
Treatment of recurrences
Twenty-six out of 42 recurrent patients (69%) were treated with angiotensin-converting inhibitors alone, and 15 of them lost the graft (57.6%). Eight patients with declining graft function were treated with three intravenous methylprednisolone pulses (associated with angiotensin-converting inhibitors in two patients), five of these grafts were lost (62.5%). The other eight patients continued with the basal immunosuppressive therapy, two of them lost the graft.
D I S C U S S I O N
In this paper, we have reported the findings of a single-center concerning renal transplantation in patients with IgAN. One hundred and ninety patients were included in the study and their outcome has been compared with that of an age-and sex-matched control group including 380 patients. The only significant differences between the two groups were a longer duration of dialysis in control patients and a higher number of hypertensive patients in the IgAN group. IgAN patients and controls have been followed for up to 10 years after renal transplantation, one of the longest follow-ups reported until IgAN, IgA nephropathy; P, prednisone; CAPD, continuous ambulatory peritoneal dialysis; HD, haemodialysis. All the values are reported as median and interquartile ranges if not differently specified. *P-value refers to the statistical significance of the variables either in the Cox proportional hazard regression (for a continuous variable) or in the log-rank test for survival curve differences (for a discrete or discretized variable).
a Recurrence was considered as a concomitant cause of graft loss in two cases of chronic/active T-cell-mediated rejection. b Recurrence was considered as a concomitant cause of graft loss in four cases of chronic active antibody-mediated rejection.
O R I G I N A L A R T I C L E
I g A n e p h r o p a t h y i n r e n a l t r a n s p l a n t now to the best of our knowledge. The length of the observation is important in the evaluation of the graft outcome in IgAN patients. As a matter of fact in published studies, the graft survival of IgAN patients seems to worsen in the longterm in comparison to that of controls. In the first 5 years after transplantation, graft survival in IgAN patients was reported All the values are reported as median and interquartile ranges if not differently specified. *P-value refers to the statistical significance of the variables either in the Cox proportional hazard regression (for a continuous variable) or in the log-rank test for survival curves difference (for a discrete or discretized variable).
a Recurrence was considered as a concomitant cause of graft loss in two cases of chronic/active T-cell-mediated rejection. b Recurrence was considered as a concomitant cause of graft loss in all four cases of chronic active antibody-mediated rejection.
to be better than that of controls [3, 4, 5, 28] , at 10 years the graft survival of the two groups became similar [3, 6, 8] or was even worse in IgAN patients [7, 5] . Choy et al. [7] reported that the graft survival after 10 years was worse in IgAN patients than in controls; in particular, the two survival curves crossover at around 12 years. In our cohort, the death censored graft survival in IgAN patients was worse than in controls even considering death as a competing risk. Whilst at 5 years, the graft survival of IgAN patients was slightly better than that of controls, after 5 years the graft survival of IgAN patients became progressively worse than that of controls. To strengthen this result, we performed a multivariate Cox regression analysis to predict graft loss pooling together IgAN patients and controls. IgAN emerged as an independent predictor of graft loss at multivariate analysis together with the occurrence of acute rejection and delayed graft function recovery.
Recurrence of IgAN developed in 21.2% of our transplant patients and in 35.5% of patients subjected to graft biopsy after a median follow-up of 4 years after transplantation, ranging from a few months to 15 years. In our centre, patients receive graft biopsy only when they present with clinical manifestations; thus, our rate of recurrence might be underestimated, considering that histological recurrences have been demonstrated in the absence of clinical symptoms [12, 29] . The outcome of grafts with silent recurrent IgA deposits is controversial: in some cases, the disease progressed to overt IgAN, [15] and in others, IgA deposits disappeared in subsequent biopsies [16] . These data underline that the course of the recurrence of IgAN can be extremely variable. As a matter of fact, in seven of our recurrent patients who presented with microscopic haematuria and proteinuria, the urinary abnormalities completely disappeared during the follow-up. In contrast, 12 grafts of our cohort were lost due to recurrence and in 6 other grafts, the recurrence was considered as a concomitant 
I g A n e p h r o p a t h y i n r e n a l t r a n s p l a n t cause of graft failure. Thus, graft loss due to recurrence accounted for 8.4% of our IgAN transplanted patients, comparable with the reported rate in the literature, which ranges from 1.3 to 16% [3, 4, 6, 7, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . In large cohorts of transplanted recipients, the histological recurrence of any type of glomerulonephritis emerged as a significant cause of graft loss associated with a significant reduction in graft survival [10, 11, 30] .
For IgAN, not all authors were able to demonstrate a negative impact of recurrence on graft survival [3, [21] [22] [23] [24] . In our cohort, recurrent patients tended to have a worse graft survival than non-recurrent patients, in particular from 10 years after renal transplantation, while graft survival of non-recurrent patients was similar to that of controls. These data seem to suggest that recurrence could be one of the factors responsible for the worse graft survival of IgAN patients in comparison to controls.
As suggested for IgAN in the native kidney [25] , the Oxford classification applied to recurrent graft biopsies seems to be able to identify patients with a worse graft outcome.
Another unsolved question is whether living donor kidneys have a higher risk of recurrence and graft deterioration than the kidneys from deceased donors. Some studies have failed to detect a significant difference [3, 6, 16, 21] , while others noted a negative impact of living donors on the graft outcome [18-20, 23, 30] . In our cohort, patient and graft survival of recipients from living-related donors were not different from that of recipients from deceased donors and no difference emerged in the rate of recurrence between the two groups.
In the evaluation of the predictors of recurrence, we found, in contrast to that reported in another paper [30] , that the transplant year was associated with the risk of recurrence: recurrence of IgAN significantly reduced from 1981 to 2010 and in particular, recurrences occurred less frequently in transplants performed during the decade 2000-2010. There is no clear explanation for our results: one possibility could be the new immunosuppressive approach employed in kidney transplantation in recent years. In actual fact, in contrast to other papers [21, 23, 30] , our results at univariate analysis underline a possible role of maintenance immunosuppressive therapy in reducing the risk of recurrence. Patients treated with mycophenolate and those who received any type of triple immunosuppressive therapy had a lower risk of recurrence. Among the other features evaluated in univariate analysis, only the young age at renal transplantation was associated with a higher risk of recurrence as demonstrated by others [6, 22, 23] .
At multivariate analysis, the older age of patients and any triple immunosuppressive therapy were independent protective factors against the recurrence of IgAN. However, multivariate Cox regression analysis could have been impaired by the small number of patients showing recurrence (n = 42). These data need to be confirmed in larger prospective studies.
As reported by others [31, 32] , we found that the presence of crescents at graft biopsy in recurrent IgAN patients is associated with a worse graft outcome.
No guidelines for the treatment of recurrence of IgAN in renal transplant are currently available. Recently, Mulay et al. [33] reported that, after adjusting for important covariates, the use of cyclosporine, tacrolimus, azathioprine, mycophenolate mofetil, sirolimus or prednisone was not associated with graft failure due to recurrent glomerulonephritis, including IgAN, while Clayton et al. [34] suggested that steroid withdrawal may increase the graft loss risk because of recurrence of IgAN. Notably, both of these two papers [33, 34] reported an apparent reduction in graft loss from recurrence of IgAN in recent years. The use of angiotensin-converting enzyme inhibitors was not associated with an improvement of graft survival in our recurrent patients, in contrast to what has been reported in other studies [35] .
The limitations of our study are obviously its retrospective nature, the relatively low number of patients evaluated, the non-uniformed immunosuppressive regimen due to the long duration of the observation and the lack of control biopsies: this does not allow us to draw firm conclusions about the predictors of recurrence. With these limitations, our results suggest that in the long term death-censored graft survival of IgAN transplant patients seems to be worse in comparison to that of controls; this result is strengthened by the demonstration that IgAN emerged as an independent predictor of graft loss. Recurrence seems to be one of the factors responsible for the worse graft outcome of IgAN patients, as those who did not develop recurrence had a graft survival not different from that of controls.
The progressive reduction of recurrences suggested by our data and the apparent reduction in graft loss from recurrent IgAN reported by other authors [33, 34] in recent years may portend a progressive improvement in the prognosis of renal transplant in IgAN patients in the near future.
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